Background: There is limited information on whether the orderly display of limb lead ECGs (electrocardiograms) can facilitate students to determine frontal plane QRS complex wave electrical axis. Objectives: The study investigated whether the orderly display of limb lead ECGs can raise Chinese undergraduate intern's diagnostic accuracy when determining frontal plane axis. Design: A total of 147 fifth-year undergraduate interns aged between 21 and 25 years were randomly arranged into 2 groups: one group was given classically displayed ECGs of limb leads while the other group was given orderly displayed ECGs of limb leads. They were then taught to determine frontal plane axis with one of the above displays. The intern's diagnostic accuracy and time used were measured. Results: After teaching, the orderly display can more effectively raise diagnostic accuracy when determining axis as compared to the classical display (76.65 ± 23.16% vs. 68.88 ± 23.21%, P < 0.05), although diagnostic accuracy in axis determination was improved in both groups as compared to the axis determination at baseline (all P < 0.05). Conclusions: Orderly display of limb lead ECGs may raise Chinese intern's diagnostic accuracy when determining frontal plane axis.
Introduction
Electrocardiogram (ECG) is the key and difficult point for medical students and staffs to learn perpetually. Frontal plane QRS complex wave electrical axis indicates the average direction of overall QRS on ECGs of six limb leads and reflects the main direction of ventricular electrical depolarization on frontal plane (Figure 1 ). Although frontal plane QRS electrical axis is a basic concept in electrocardiography, determination of frontal electrical axis is usually needed to the ECG definition of left anterior/posterior hemiblock, ventricular hypertrophy, and cor pulmonale [1, 2] . In printout report, limb lead ECGs are displayed classically in the order when they were invented (I, II, III, aVR, aVL, aVF, Figure 2 ) rather than according to their anatomically orderly locations (aVL, I, II, aVF, III, aVR, Figure 2 ). The classical display of limb lead ECGs has brought great difficulties for medical students to learn limb lead ECGs interpretation and to identify frontal plane QRS electrical axis of limb lead ECGs, because there is no regulation to follow the evolution of limb lead ECGs according to the classical display of limb lead ECGs. After aVR is inverted into −aVR by automated digital ECG analysis system [3, 4] , all six limb lead ECGs can be presented orderly in a single Cabrera's sequence (aVL, I, −aVR, II, aVF, III) [5] [6] [7] . The anatomically orderly display of limb lead ECGs can facilitate to view the sequential progression of cardiac electrical activity in frontal plane, especially for the students who have no previous experience with ECG interpretation. In recent years, studies have proved that Cabrera's anatomically orderly display of limb lead ECGs is also helpful for the localization of myocardial infarction, acute stress injury, and arrhythmic origin [8] [9] [10] [11] [12] . Furthermore, a study has found that the use of Cabrera's orderly display of limb lead ECGs (aVL, I, −aVR, II, aVF, III) could raise the student's diagnostic accuracy in less amount of time than the classical display (I, II, III, aVR, aVL, aVF, Figure  2 ) when determining frontal plane QRS axis [13] . However, −aVR, a fictitious limb lead, has not been implemented in practice, which may have brought negative impact on students to analyze ECGs and frontal plane QRS electric axis. Therefore, we hypothesized that the use of anatomically orderly display of limb lead ECGs (aVL, I, II, aVF, III, aVR, Figure 2 
Methods

Study design
In this study, 147 fifth-year undergraduate medical students aged between 21 and 25 years (58 males, 89 females) were recruited from our university hospital. All of them had previous experiences with ECG interpretation. The participants were randomly arranged into classical ECG display and orderly ECG display groups, respectively, using digital random counter.
Teaching method
Web-assisted and lecture-based tutorial were given to both groups [14] . Students in both groups received the same instruction about the cardiac basic anatomy, mechanics, and electrophysiology. The same instructor explained the anatomic positions of different leads and the formation mechanisms of normal ECGs and abnormal ECGs that resulted from various electrical axis deviations for each lead and outlined the steps required for axis calculation and visually defined the electrical axis. Four examples of ECGs were used for the instruction of determining electrical axis in each group. All ECG papers' running speed in this study was 25 mm/s. Except for different display of ECGs, the example ECGs and the relevant teaching were same between classical and orderly display groups. In these two groups, each example ECG was from the same patient but in different display. The classical group used the classical limb lead display (I, II, III, aVR, aVL, aVF, Figure 2 ) when determining the electrical axis, while the orderly group used the anatomically orderly limb lead display (aVL, I, II, aVF, III, aVR, Figure 2 ).
Evaluation methods
Except for different display of ECGs, test contents including number of question and the placement positions of each test ECG lead were same between classical and orderly display groups. In the two groups, each test ECG corresponded the same question number that was from the same patient but in different display. Students of both groups undertook two tests: a pretest (before teaching) and a posttest (1 week after teaching) ( Figure 3 ). Each test contained the same contents using the same eight test ECGs but in different display for each group. Correct answer for each ECG scored one point. The question was to determine the electrical axis. All answers were recorded on an answer sheet on which the participants were asked to state their age and sex. The possible axis test scores ranged from 0 to 8, and it was expressed as a percentage. The test ECGs included four ECGs with normal electrical axis ranged from −30°to +90° (Figure 2(a) ), two ECGs with left-deviated axis from −30°to −90° (Figure 2(b) ) and two ECGs with right-deviated axis from +90°to +180° (Figure 2(c) ). The investigators determined the correct electrical axis by consensus on all above ECGs. They were selected from a database of digitized ECGs at our university hospital. A singleanswer question was set for each ECG with three possible options including normal electrical axis, left-deviation, and right-deviation. The time used to complete the answer sheet was measured by stopwatch and noted for each student. The study protocol was conducted in accordance with the Declaration of Helsinki and approved by the institutional ethics committee. The participants were aware of the investigational nature of the study and agreed to participate after informed consent.
Statistical analysis
Continuous parameters were expressed as mean values ± standard deviation. The statistical differences were evaluated by two independent sample's t test. Categorical data were compared using Chi-square test. Pearson univariate correlation was utilized for data analysis. Statistical analysis was performed by SPSS 22.0 software package (IBM Company, Chicago, Illinois 60606, USA). A two-tailed value of P < 0.05 was considered to be statistically significant.
Results
There were no differences in participant's age, sex, and baselines of diagnostic accuracy and time used in axis quiz before teaching between the classical and orderly display groups (P > 0.05, Table 1 ). After teaching, the diagnostic accuracy was higher in the orderly display group as compared to the classical display group (P < 0.05, Table 1 ); although the time used trended to become shorter after the teaching in the orderly display group, there was still no difference in time used in axis quiz between the two groups (P > 0.05, Table 1 ). However, after teaching, the diagnostic accuracy was more elevated in both groups as compared to their respective baseline (all P < 0.05, Table 1 ). 
Discussion
In the present study, after teaching, anatomically orderly display of limb lead ECGs (aVL, I, II, aVF, III, aVR, Figure 2 ) can more effectively increase Chinese undergraduate medical intern's diagnostic accuracy when determining frontal plane QRS axis as compared to the classical display (I, II, III, aVR, aVL, aVF, Figure 2 ), although the diagnostic accuracy in the axis was higher in both groups as compared to their respective baseline.
Physicians from any specialty have to possess the basic skills of ECG interpretation and rapidly identify potentially life-threatening diseases such as acute myocardial infarction and malignant arrhythmias derived from an ECG tracing [15] . Incorrect ECG interpretation can lead to misdiagnosis and inappropriate treatment decisions, including fatal events among patients with suspected cardiac diseases. However, a lack of these basic ECG interpretation skills is still a serious concern among many physicians [15] [16] [17] . Survey revealed that a significant proportion of medical graduates were unable to correctly interpret ECGs [18] . The competency for ECG interpretation was associated with the adequacy of the graduating medical student's ECG education and training [19] . One potential reason for the graduate's inability to correctly interpret the ECGs may be a result of poor medical education. However, studies showed that the display of limb lead ECGs can also impact the skills of ECG interpretation. Cabrera's anatomically orderly display of limb lead ECGs can increase student's diagnostic accuracy in lesser time than the classical display when determining frontal plane QRS axis [13] .
In the present study, Chinese undergraduate medical intern's diagnostic accuracy reached 33.3-36.0%, respectively, when determining the frontal plane QRS axis in both groups before tutorial. These findings were similar with previous reports [18, 19] . It confirmed that Chinese undergraduate medical interns were also short of the abilities to interpret the ECGs, although they have had previous experiences with ECG interpretation. The ECG instruction for Chinese undergraduate medical students still seems to be limited. There is necessity to increase Chinese medical student's ability to correctly interpret ECG during undergraduate education via reforming methods of ECG teaching, training, and tests [20] . Due to appropriate teaching, orderly display of limb lead ECGs was confirmed to effectively raise Chinese medical intern's diagnostic accuracy when determining frontal plane QRS axis. This finding was similar to Pahlm's study [13] . Nevertheless, the orderly display sequence of limb lead ECGs used by us was aVL, I, II, aVF, III, aVR (Figure 2) , which was really anatomical order, while Pahlm used Cabrera's orderly display sequence of limb lead ECGs. The Cabrera's sequence is aVL, I, −aVR, II, aVF, III, among which, −aVR is a fictitious limb lead [13] . It seems that orderly display of limb lead ECGs is convenient for students to observe the systematically organized evolution of cardiac electrical activity and ECG graphs. The orderly display of limb lead ECGs can facilitate students to analyze cardiac electrical axis and improve the diagnostic accuracy of ECG. However, our orderly display of limb lead ECGs has not been proved to shorten the time used by Chinese medical interns in determining frontal plane QRS axis, although similar observations were never documented in a previous study [13] . Moreover, the diagnostic accuracy in the electrical axis was improved in both groups based on a tutorial session. This positive teaching effect is considered to result from the combined use of lecture-based and internet-assisted teaching methods, which is consistent with previous findings [14, 19] . These results also suggested that continued ECG education is needed to prevent undergraduate medical trainee's decay of ECG knowledge and maintain their diagnostic accuracy and skills of ECG interpretation when determining frontal plane QRS axis.
Although classical display of limb lead ECGs (I, II, III, aVR, aVL, aVF, Figure 2 ) has many drawbacks, it is still used traditionally in majority countries. However, combined with the results of this study, the orderly display of limb lead ECGs (aVL, I, II, aVF, III, aVR, Figure 2 ) is recommended for use in the future clinical practice, because it provided better accuracy for the diagnosis of cardiac electric axis, as compared with the classical display. Based on the current study, our orderly display of the limb lead ECGs (aVL, I, II, aVF, III, aVR, Figure 2 ) could be more favored, as compared with the Cabrera's orderly display (aVL, I, −aVR, II, aVF, III), because it is easily available to obtain and may help to set some important ECG-based diagnoses. However, this study was carried out in a single center and did not assess the effects of the teaching on long-term retention of ECG interpretation skills. The findings remain to be reconfirmed in the future relevant trials.
Conclusions
Orderly display of limb lead ECGs may raise Chinese undergraduate medical intern's diagnostic accuracy when determining frontal plane QRS axis.
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